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(54) A system for the modification of the rigidity/damping properties of structural joints 



(57) A system for the modification of the rigidity/ 
damping properties of structural joints comprises at 
least an intermediate structure (3) to receive, on both 
sides, two structures (1, 2) to be coupled; releasable 
blocking means (6) to immobilize, in a coupled condi- 
tion, said two structures to be coupled and said interme- 
diate structure; first and second sets of bistable compo- 
nents (7, 8), the structural resistance features of the 



components of the first set being different from those of 
the second set; the components of the first set being 
internally connected to one of said structures to be cou- 
pled and to said intermediate structure; the components 
of the second set being internally connected to one and 
other of said structures to be coupled; said bistable com- 
ponents being in an unstable condition when all the 
mentioned structures are coupled together. The inven- 
tion is applicable to the field of space vehicles. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention belongs to the field of 
structural joints and, more specifically, refers to a sys- 
tem permitting the features of a structural joint to be 
modified in response to a control order depending on 
the needs demanded under a determined condition. 

BACKGROUND OF THE INVENTION 

[0002] The need to modify the structural properties of 
a connection or coupling between two structures, for in- 
stance with the purpose of attenuating, filtering and/or 
dissipating mechanical shocks induced from one of the 
coupled structures over the other coupling structure or 
to modify the dynamic-structural joint between them, 
has resulted in the development and application of dif- 
ferent systems, each one being suitable for a specific 
function like, for example, viscoelastic, friction energy 
dissipators, etc., relative orientation devices for struc- 
tures using electric motors, pneumatic drives and oth- 
ers, anchoring and release devices for said structures 
or also in the specific design of said structures to couple 
according to the coupling schedule. 
[0003] Several systems are known to achieve a safe 
and releasable fastening of two structures which under 
a first condition should be interlocked and rigidly con- 
nected and that, in at least a second condition, should 
be able to be released, one being separated from the 
other in response to a control order transmitted in a spe- 
cific moment. 

[0004] Especially in the field of space technology, dif- 
ferent systems are known to interlock a launch vehicle 
and a pay-load (for example, a satellite) until entry in the 
foreseen orbit, when the rigid interconnection between 
both structures breaks, permitting the separation of said 
pay-load from said vehicle. 

[0005] As a prior art example, the applicant's own Eu- 
ropean patent application published with number 
0768241 may be mentioned, in which a satellite fasten- 
ing and separation system is protected. The object of 
the invention described in this application is to simplify 
the fastening of the satellite to the satellite launching 
rocket and its release on entering into orbit. This object 
is achieved by means of a fastening component which 
is bolted to the upper ring of the launching rocket adapt- 
er, a tensing strip consisting of a two part metallic band, 
and curved metallic parts to fasten the satellite resting 
by their upper part on the lower ring of the latter, sur- 
rounding it and pressing against it. 
[0006] Also, U.S. patent number 3737117, applicable 
to a space docking system for space crafts, disclose two 
conical structures, one consisting of a docking container 
in one of the crafts and the other one in the form of a 
conical protrusion in a second craft. When both conical 
docking components couple, they remain hooked to- 
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gether, the docking energy being absorbed by com- 
pressed gas contained in a tight compartment whose 
outer part is the conical container of the first craft. The 
rebound forces are counteracted by a plurality of actu- 
5 ating cylinders supporting the conical container. 

[0007] French patent application number 8122144, of 
26-11-1981, protects a fastening and release system 
permitting the temporary connection between two parts, 
one mobile and the other one stationary, which have to 
w be separated during their specific use. The system al- 
lows both parts to block in a determined position and, at 
a given moment, to pass to a release status in which a 
mobile support and a bracket are in a retracted position, 
releasing said mobile part. The system is especially ap- 
plicable to the space field. 

[0008] U.S. patent number 3564564, refers to a hook- 
ing device to fasten docking rings in space vehicles. It 
comprises a fastening hook connected to an energy 
storage assembly, such as a spring, and an assembly 
20 handle which simultaneously releases the hook and 
stores energy in the assembly. It also comprises trigger- 
ing means to suitably position the hook and to retain it 
in the assembled position until it is released at the right 
time. 

25 [0009] EP 0402263, "Temporary Joint Device, Espe- 
cially for an Artificial Satellite Appendix and Release 
Procedure of said Joint", describes a fastening device 
that may apply a mechanical retaining stress among the 
components to be coupled, and releasing devices, 

30 whose thermal performance eliminates said mechanical 
stress and creates a separation permitting a relative 
movement between components, whose releasing de- 
vices incorporate a member made of a material with 
memory of shape and which cooperates with the fasten- 

35 ing device. 

[0010] Finally, in European patent number 0469939, 
"Linking Device Between Two Objects by Several Fas- 
tening Points", it is disclosed that one of said objects 
has mobile bayonet parts connected by connecting rods 

40 in order to simultaneously control them. The other object 
has fixed bayonet parts. The device operates in two 
stages, a first phase establishes the link by means of 
the bayonet parts and the second phase, the adjustment 
of wedges. The bayonets are only allowed to rotate if 

45 the action of a blocking system is interrupted. 

[001 1 ] As mentioned before, all these documents dis- 
close different fastening and/or releasing devices for a 
coupling, allowing two structures to be coupled to each 
other in an interlocked manner until a determined mo- 

50 ment, in which said coupling is interrupted in order to 
separate said structures or viceversa. The common 
method to sever this interconnection between said 
structures is to activate at least one pyrotechnical 
charge or otherwise to break the mechanical joints in- 

55 terlocking them. 

[0012] Now then, in the couplings of the known art, 
means to prevent the shocks or vibrations generated in 
one of the coupled structures to be transmitted to the 
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other structure are not foreseen, so that the latter may 
be mechanically affected which for example is very im- 
portant in the field of space vehicles, where important 
shocks or vibrations are generated when separation of 
the different vehicle phases occurs generally by pyro- 
technical methods. Said shocks and vibrations are di- 
rectly transmitted by the couplings used until now to the 
delicate and useful load transported (e.g., a satellite). 
[0013] In the aforementioned prior art, the problem 
represented by these shocks or vibrations is not dealt 
with, although they may severely affect the released 
structure. 

SUMMARY OF THE INVENTION 

[0014] Generally speaking, the system of the inven- 
tion permits two structures to be interconnected by 
means of the interposition of a third structure therebe- 
tween, comprising at least one coupling sector, said 
structures being kept safely coupled thanks to the 
preloading applied by at least one mechanically tight- 
ened peripheral metallic band, including a first plurality 
of rigidity modifying components, connected between a 
first of said structures and said at least one coupling sec- 
tor of said third intermediate structure, and a second plu- 
rality of rigidity modifying components, which join said 
structures to be interconnected, clearing said at least 
one coupling sector of said third intermediate structure. 
[0015] Moreover, the system according to the inven- 
tion also allows to carry out other functions which could 
not be carried out in the prior art by the coupling systems 
known until now. For example, by means of its incorpo- 
ration, it is possible to obtain a temporary change of ri- 
gidity of the mentioned joint to provide the dynamic- 
structural coupling modification between the intercon- 
nected structures in order to modify the Flight Control 
Law of a launching vehicle, for example, or a modifica- 
tion may be made of the joint geometry with the purpose 
of achieving a new orientation between both coupled 
structures, for example, in the case of folding and sight- 
ing antennas or when it is necessary to separate satellite 
constellations. 

[0016] The invention may also have an application 
when it is necessary to uncouple or isolate thermoplastic 
deformations and the thermal couplings between the in- 
terconnected structures, such as in the assembly of tel- 
escopes and/or useful loads requiring significant uncou- 
pling. 

[0017] Also, by means of incorporating the system ac- 
cording to the invention, it is possible to channel load 
transmission between two coupled structures through 
previously defined discrete joints. 
[001 8] These and other objects, which are obvious for 
the experts in art are accomplished by means of a sys- 
tem like that described in claim 1. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] In the drawings: 

[0020] Figure 1 is a very simplified diagram of the cou- 
5 pling system according to the invention in its simplest 
embodiment. 

[0021] Figure 2 is a schematic perspective view of the 
coupled structures in Fig. 1 . 

[0022] Figures 3A-C are diagrammatic views, in 
10 transverse section, illustrating the operation of a first 
embodiment of the coupling system of Fig. 1 . 
[0023] Figures 4A-C are diagrammatic views, in 
transverse section, illustrating the operation of a second 
embodiment of the coupling system of Fig. 1 . 
is [0024] Figures 5A-D are diagrams illustrating the 
transmission of strains between two coupled structures 
by means of the system of the invention; and 
[0025] Figures 6A-E are diagrams illustrating different 
applications of the coupling system according to the in- 
20 vention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0026] The following refers to the attached drawings, 
25 in which similar parts have the same reference numbers 
in all figures to describe a preferred embodiment of the 
system according to the invention, applied, as an illus- 
tration, to the space technology field. 
[0027] Hence, in Figure 1 , the upper part 1 of a first 
30 structure is diagrammatically shown, for example, a 
launching veh icle and the lower part 2 of a second struc- 
ture, for example, a useful load 2 consisting of a satellite 
or container, whose coupling mouths la, 2a, provided 
with flanges 4, 4, are connected with the interposition of 
35 an intermediate structure 3, provided with flanges 5, 5 
at both ends. In this specific case, it will be considered 
that both structures 1 and 2 to be coupled are rotating 
bodies, on being the more usual case, although the ex- 
perts in the art will easily understand that the invention 
40 is applicable to structures with any other transverse sec- 
tion configuration. 

[0028] The interlocking of said structures 1 , 2 and 3, 
in order to form an assembly with the necessary me- 
chanical features, may be achieved, for example, by ar- 
45 ranging some tightening bands 6 around said flanges or 
adapting rings 4, 5 (See Figure 2) like, for example, in 
Spanish patent applications number 9501994 and 
9702028, in the applicant's name, whose description is 
incorporated herein by reference. Said metallic tighten- 
50 ing bands 6, apply a preload, providing the necessary 
joint stresses. 

[0029] However, any other type of coupling already 
known in the art may be used with this purpose. 
[0030] Below, a coupling system comprised by three 
ss generally cylindrical structures and two tightening bands 
will be considered in order to facilitate the description. 
[0031] Inside, at least one first plurality of joint com- 
ponents 7 which modify the rigidity are provided, joined 
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at their ends respectively to the inner face of the lower 
structure 1 and to the inner face of the coupling section 
forming the intermediate structure 3. Moreover, be- 
tween the mentioned inner face of the intermediate 
structure 3 and the inner face of said upper structure 2, 
a second plurality of joint components 7 may be provid- 
ed. The number in which said components 7 are provid- 
ed, both in said first and in said second plurality thereof, 
as well as their mechanical features, will be dictated by 
the specific application in each case. 
[0032] Also arranged inside each coupling, there may 
also be a plurality of rigidity modifying joint components 
8 connected at their ends, respectively, to the inner face 
of structures 1 and 2, clearing the mentioned intermedi- 
ate structure 3. Both the number and mechanical fea- 
tures of these components 8 will likewise depend on 
each specific application. 

[0033] Said rigidity modifying components 7 and 8 
provide bistable components, which benefit from the 
critical or Euler load concept. Each one of these bistable 
components is based on the behavior of a strap which 
may adopt two states: a first unstable state in which 
bending had been imposed until surpassing the critical 
load (condition represented in Figure 2) and a second, 
stable or rest state, in which said load had not been ex- 
ceeded and in which said component recovers its orig- 
inal length. 

[0034] Likewise, the mentioned components 7 and 8 
contribute the properties required by the system accord- 
ing to the invention, meeting rigidity functions, activation 
to separate interlocking structures, dynamic dampen- 
ing, thermal insulation and capacity to change coupling 
geometry. 

[0035] Below, reference will be made to Figs. 3-C and 
5A-C, to explain the operation of a first embodiment of 
the coupling system according to the invention. 
[0036] Figure 3A shows diagrammatically the starting 
condition in which both structures 1 and 2 are rigidly con- 
nected by means of the third structure 3 by the coupling 
of the two rings 6 with the flange pairs 4,5. In said figure, 
according to a first embodiment of the invention, the ri- 
gidity modifying components 7 and 8 are shown, ideal- 
ized as bistable linear assemblies, in their first condition 
of instability, indicating with the number 9, the fastening 
positions of said components 7 and 8 to the inner faces 
of the structures 1 and 2 and with 10 the fastening po- 
sition of a component 7 to the inner face of said inter- 
mediate structure 3. Some ideal joint positions for said 
components 7 and 8 are indicated with number 11. 
[0037] This first condition is also shown in figure 5A, 
where a thick arrow shows the direct plot along which 
the loads induced in one of the coupling structures are 
transmitted to the structure located on the other side of 
the former. This initial configuration is valid, for example, 
to support induced loads, providing the referred struc- 
tural characteristics. 

[0038] Now, directing our attention to figures 3B and 
5B, the condition adopted by the coupled structures and 



that of coupling on the breakage of one of the tightening 
bands 6 is shown, for example, that maintaining the low- 
er structure 1 and the intermediate structure 3 coupled. 
The lower band 6 has been separated from said flanges 
s 4, 5 in a way known in the art and not described in detail 
in this specification, permitting that the action of the bist- 
able components 7, on recovering their rest condition, 
separate said flanges 4 and 5. In Figure 5B, the route 
then followed by a load to be transmitted among the cou- 
10 pled structures may be seen (thick arrow). 

[0039] In this way, the structural properties are deter- 
mined in this phase by the new load transmission route 
which, in turn, is defined by new structural joints, prede- 
termined according tothe application. Usually, the sizing 
15 and number of components 7 which then comprise the 
interconnections of greater rigidity between structure 1 
and the set of structures 3 and 2 are selected to obtain 
lower structural features (lower rigidity) than those of ref- 
erence previously defined. 
20 [0040] Finally, reference will be made to Figs 3C and 
5C of the drawings. In them, the condition the structures 
coupled by means of the system according to the inven- 
tion would adopt and the new load transmission route 
are shown, respectively, if after separation from the 
25 structures 1 and 3, it were necessary to recover struc- 
tural features of a greater magnitude. This would be 
achieved provoking the separation of the second band 
6, so that the bistable components 8 would have to re- 
cover their rest condition, actuating the structures 3 and 
30 2 to separate them. 

[0041] Then, the bistable components 8, with greater 
structural features (greater rigidity) than components 7, 
would be the components which would satisfy, as from 
then, the function of final coupling between the struc- 
35 tures 1 and 2. In said Fig. 5C, the interconnection rela- 
tion in which structures 1 , 2, 3 would remain may be ver- 
ified, as well as the new transmission route of loads be- 
tween the structures 1 and 2. 

[0042] On the other hand, in Figs. 4A-C.5A, 5B and 
40 5D, the operation of a second preferred embodiment of 
the invention may be considered, in accordance with 
which the largest straps 8 are obviated, replacing them 
by a second set of straps 7'. !n this case, the correspond- 
ence between Figs. 4A and 5A, 4B and 5B and 4C and 
45 5D show the different stress transmission routes be- 
tween the coupled structures, depending, as before, on 
the order of release of the tensing rings being the same 
as that described for the first embodiment of the inven- 
tion. 

50 [0043] The preferred application of the invention is as 
an attenuation system for shocks induced by the pyro- 
technical separation of the stages of a launching vehicle 
adapted to place a satellite in orbit, consisting of three 
cylinders (1, 2, 3) joined by means of two tightening 
ss bands (6), a first assembly of bistable rigidity modifying 
components (7), for example in a number of three, join- 
ing the intermediate and lower cylinders (2, 3) and a sec- 
ond set of bistable rigidity modifying components (8), 
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joining lower and upper cylinders (1 , 2) which would op- 
erate as follows. 

[0044] During launching and flight, until the moment 
of a first stage having to detach itself from the launching 
vehicle, the six rigidity modifying components (7, 8) re- s 
main in an unstable condition, all the structures being 
directly connected by the tightening bands (6) and the 
assembly maintaining the reference structural features. 
[0045] On receiving the pertinent order, the lower 
band detaches, which then leaves the flanges of con- 10 
nected structures (1 , 3) free; in that moment, the bistable 
components assembly (7) changes to a stable rest po- 
sition, hence provoking a first change of the structural 
features, which become less than those of reference 
(less rigidity). In this condition of less coupling rigidity is 
between propeller and useful load, the effects over the 
latter of the shock generated by the pyrotechnical sep- 
aration of a launching stage are reduced to a minimum. 
[0046] Once said separation is produced, it may be 
necessary to recover, at least partially, some structural 20 
features (rigidity) nearer to those of reference, for which 
and on transmitting the pertinent order, the separation 
of the second upper band (6) is produced, releasing the 
flanges (5, 4) of the intermediate and upper structures 
(3, 2). When this occurs, the bistable components (8) 25 
adopt their stable rest position, hence recovering part of 
the rigidity lost in the previous operation. 
[0047] Finally and referring to Figs. 6A to 6E, several 
applications of the system according to the invention are 
illustrated, where 6 A shows its use as an attenuating 30 
structure filtering an applied shock according to the ar- 
rows CH; Figure 6B shows its application as a filter 
structure with a variable rigidity/attenuation, whilst Fig- 
ure 6C is a scheme of use of the system according to 
the invention as a structure with variable geometry, per- 35 
mitting the modification, for example by an angle 8, of 
the peaking of one of the coupled structures and in Fig- 
ure 6E, the specific arrangement of the joint compo- 
nents 7, 8, permits the passage of loads to be channeled 
between both structures. 40 
[0048] Regarding the remaining Figure 6D, an em- 
bodiment variation of the system according to the inven- 
tion is shown, where the intermediate coupling compo- 
nent 3 has been replaced by a bellow like structure, ful- 
filling the mission, entrusted, at least to one of the plu- 
ralities of joint components 7 to provide a continuous/ 
discontinuous coupling between both coupled struc- 
tures. 

[0049] As may be verified, the invention provides a 
system that permits the attainment of an active or "intel- so 
ligent" interconnection gathering all the functional ca- 
pacities of the prior art systems, while its practical exe- 
cution is simpler and may be included in any type of cou- 
pling. 
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Claims 

1 . A system for the modification of the rigidity/damping 
properties of structural joints, characterized in that 
it comprises: 

at least an intermediate coupling structure (3) 
adapted to receive, at both sides thereof, the 
application of two structures (1, 2) to be cou- 
pled; 

first and second releasable blocking means (6) 
adapted to immobilize, in a mutual coupling re- 
lation, a first of said structures (1,2) with a first 
part of said intermediate structure (3) and the 
second of said two structures to be coupled with 
a second opposite part of said intermediate 
structure; 

a set of first extended bistable components (7), 
with a first feature of structural resistance, 
spaced around the internal periphery of said 
structures and fixed at one of their ends to the 
inner face of said first structure (1) to be cou- 
pled and that, at the other end, are secured to 
the inner face of said intermediate coupling 
structure (3), each one of said first bistable 
components (7) being in a partially bent condi- 
tion when said first structure is blocked with re- 
spect to said intermediate structure due to the 
action of said first releasable blocking means 
(6); 

a set of second extended bistable components 
(8), with a second feature of structural resist- 
ance greater than that of said first bistable com- 
ponents (7), spaced around the inner periphery 
of said structures and fixed at one of their ends 
to the inner face of said first structure (1 ) to be 
coupled and at the other end to the inner face 
of said second structure (2), each one of said 
second bistable components (8) being in a par- 
tially bent condition when said first structure (1 ) 
is blocked in a coupling relation with said sec- 
ond structure (2) through said intermediate 
structure (3) and thanks to the action of said 
first and second releasable blocking means (8), 
hence a series of structural reference features 
being defined. 

2. A system according to claim 1 , characterized in that 
said first and second structures (1 , 2) show a flange 
part (4) in their coupling ends and said intermediate 
structure (3) has a similar coupling flange (5) in both 
its ends, and in that each of said first and second 
releasable blocking means (6) consists of two tight- 
ening rings, adapted to be peripherically fitted 
around the joint of each one of said first and second 
structures (1 , 2) with said intermediate structure (3), 
including in its interior said flange parts (4, 5) of ad- 
jacent structures. 
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3. A system according to claims 1 and 2, characterized 
in that means are provided, in said first and second 
releasable blocking means (6), to break, at a deter- 
mined moment, the blocking relation thereof with 
said coupled structures. 5 

4. A system according to claim 3, characterized in that 
the breakage of said blocking relation is produced 
independently in said first and/or second releasable 
blocking means. 10 

5. A system according to any one of the previous 
claims, characterized in that, on breaking the block- 
ing applied by said first releasable blocking means 

(6) , said set of first bistable components (7) recover *5 
the unbent rest position and hence become the only 
connection between said first structure (1) to be 
coupled and said intermediate coupling structure 

(3). 

20 

6. A system according to any one of claims 1 to 5, 
characterized in that said first bistable components 

(7) have, in an unbent rest position, structural fea- 
tures less than the reference ones. 

25 

7. A system according to any one of claims 5 or 6, 
characterised in that, when breakage of the block- 
ing provoked by said second releasable blocking 
means (6) between said intermediate structure (3) 
and said second structure (3) to be coupled is pro- 30 
duced, said set of second bistable components (8) 
recover the unbent rest condition, hence becoming 

the only connection between said first and second 
structures (1 , 2) to be coupled. 

3S 

8. A system according to claims 5 to 7, characterized 
in that said second bistable components (8), in an 
unbent rest condition, have structural features bet- 
ter than those of said first bistable components (7), 

but less than the reference ones. *o 

9. A system according to any one of the previous 
claims, characterized in that said first coupling 
structure consists of a bellows type structure. 

45 
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